A Gram-staining-positive, heterotrophic, anaerobic, non-spore-forming, non-motile, rod-shaped strain, OAct400
The genus Microbacterium was first described by OrlaJensen (1919) . The description of the genus was subsequently emended by Collins et al. (1983) . Takeuchi & Hatano (1998a) further united the genera Microbacterium and Aureobacterium to a single genus Microbacterium based on their phylogenetic relatedness revealed by 16S rRNA gene sequence analysis. At the time of writing, the genus Microbacterium comprised 88 recognized species with validly published names (http://www. bacterio.net/microbacterium.html). Strains representing the genus Microbacterium are ubiquitously distributed in various environments including soil, insects, marine environments, human clinical specimens, plants, dairy products and sewage sludge compost (Takeuchi & Hatano, 1998b; Brennan et al., 2001; Rivas et al., 2004; Lee et al., 2006; Park et al., 2006; Shivaji et al., 2007; Bakir et al., 2008; Vaz-Moreira et al., 2008; Anand et al., 2012; Kämpfer et al., 2012; Kumari et al., 2013; Yu et al., 2013) . They have also been found in the phyllospheres of sugar beet and spring wheat, and as endophytes in cotton (Thompson et al., 1993; Legard et al., 1994; McInroy & Kloepper, 1995) . In the present study, the phenotypic, chemotypic and genotypic characterization of a novel bacterial strain isolated from a sample collected at the South China Sea led to the strain's identification as a representative of a novel species in the genus Microbacterium.
In the course of a screening program for new cytotoxic antibiotics, one strain, designated OAct400
T , was isolated from a sediment sample from a depth of 2093 m collected from the South China Sea, China. The diluted sediment sample was inoculated onto yeast extract/malt extract agar medium [containing (per litre seawater): 0.5 g malt extract, 0.2 g yeast extract, 0.1 g glucose, 20 g agar (pH 7.0)] and incubated at 28 8C for 5 days. The isolated strain was routinely cultured on yeast extract/malt extract agar medium supplemented with 3 % (w/v) NaCl at 28 8C and stored at 4 8C. It was also stored as glycerol suspensions (20 %, v/v) at 280 8C.
The morphological characteristics of strain OAct400
T were observed using light microscopy (model BH 2; Olympus) and scanning electron microscopy (model JSM-840; JEOL) after 14 days of growth on yeast extract/malt extract agar medium containing 3 % (w/v) NaCl. Cultural characteristics were determined after 4 weeks at 28 8C using the methods adopted by the International Streptomyces Project (ISP) (Shirling & Gottlieb, 1966) . All media used were supplemented with 3 % (w/v) NaCl. The tolerance to different NaCl concentrations (0, 1, 2, 3, 4, 5, 7, 10, 12, 15 and 18 %, w/v) was tested on yeast extract/ malt extract agar medium as the basal medium by incubating the cultures for 28 days at 28 8C. Growth at different temperatures (4, 12, 16, 20, 25, 28 and 37 8C) and different pH (pH 4.0-11.0 at intervals of 1.0 pH unit) was tested on yeast extract/malt extract agar medium with 3 % (w/v) NaCl at 28 8C for 14-21 days. Media with different pH values were prepared using the buffer system described by Xu et al. (2005) . Oxidase Table 1 . Characteristics useful for differentiating between strain OAct400
T and closely related species of the genus Microbacterium Data are from this study, except for the cell-wall sugars, DNA G+C content, menaquinones and polar lipids of the reference strains. Experiments were performed under the same conditions using the same methodology used in this study. +, Positive; 2, negative; ND, not determined. All strains were positive for Gram staining. All strains were negative for oxidase and b-galactosidase activities. PG, phosphatidylglycerol; PI, phosphatidylinositol; DPG, diphosphatidylglycerol; GL, unidentified glycolipids. production and milk coagulation and peptonization were tested as described by McCarthy & Cross (1984) . Catalase activity was detected by the production of bubbles following addition of a drop of 3 % (v/v) H 2 O 2 . Hydrolysis of urea, gelatin, aesculin, starch and Tweens 20 and 80, and nitrate reduction was determined as described by Cowan & Steel (1965) . Carbon source utilization was determined using the GP2 MicroPlate system (Biolog) according to the manufacturer's instructions. Nitrogen source utilization was assessed according to the methods of Williams et al. (1989) and Xu et al. (2014) . Production of H 2 S was tested as described by Anand et al. (2012) . Production of bgalactosidase was determined using commercial discs (HiMedia) following the manufacturer's instructions. Indole production and methyl red and Voges-Proskauer tests were performed as described by Smibert & Krieg (1994) .
Biomass for chemotaxonomic analyses was obtained by cultivation in shake flasks (with shaking at about 180 r.p.m.) using trypticase soy (3 %, w/v, NaCl, pH 7.0) broth at 28 8C for 1 week. The analysis of peptidoglycan structure was carried out as described by Schumann (2011) . The acetyl or glycolyl type of the peptidoglycan was assessed by the method of Uchida et al. (1999) . Whole cell sugars analysis was performed as described by Staneck & Roberts (1974) . Polar lipids were extracted, examined by two-dimensional TLC and identified using published procedures (Minnikin et al., 1984a) . Menaquinones were isolated using the methods of Minnikin et al. (1984b) and separated by HPLC (Sabry et al., 2004) . The cellular fatty acid composition was determined according to the instructions of the Sherlock Microbial Identification System (Sherlock version 4.5, database TSBA40 4.10; MIDI) (Sabry et al., 2004; Sasser, 1990) . The genomic DNA for the determination of G+C content was prepared according to the method of Marmur (1961) . The DNA G+C content was determined by the thermal denaturation method of Marmur & Doty (1962) . Levels of DNA-DNA relatedness were determined using the thermal denaturation and renaturation method (De Ley et al. 1970; Jahnke 1992) .
Extraction of genomic DNA and amplification of the 16S rRNA gene were done as described by Cui et al. (2001) . The 16S rRNA gene sequence of strain OAct400 T was compared against a database of cultured species via BLAST analysis (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the EzTaxon-e database (server http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . Neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) trees were reconstructed using MEGA 5.0 (Tamura et al., 2011) , and a maximum-likelihood tree was generated using PHYLIP version 3.6 (Felsenstein, 2002) after multiple alignment of data by CLUSTAL X (Thompson et al., 1997) . Distances (distance options according to the Kimura two-parameter model) (Kimura, 1980) and clustering were determined using the neighbour-joining method (Saitou & Nei, 1987) . Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) .
Strain OAct400
T grew well on yeast extract/malt extract agar (ISP 2) and nutrient agar. It showed poor growth on oatmeal agar (ISP 3) and potato agar. No growth was observed on inorganic salts/starch agar (ISP 4), glycerol/ asparagine agar (ISP 5) and Czapek's agar (Table S1 , available in the online Supplementary Material). Cells were short rods. No aerial mycelium was found on any media tested (Fig. S1 ). Soluble pigment was not produced on any of the media tested. When tested on yeast extract/ malt extract agar (ISP 2) medium, growth of strain OAct400
T was observed at temperatures between 4 and 37 8C, with an optimum growth temperature of 28 8C and within the pH range pH 5.0-10.0, with an optimum of pH 7.0. The strain grew on yeast extract/malt extract agar (ISP 2) medium with NaCl concentrations ranging from 0 to 8 % (w/v), with an optimum of 2-4 %. More physiological and biochemical characteristics of the strain are indicated in Tables 1, S1 and S2.
Chemotaxonomic analyses showed that peptidoglycan of strain OAct400
T contained ornithine as the diagnostic diamino acid. Homoserine, glycine, glutamic acid and alanine were also contained in the peptidoglycan. The muramic acid type of peptidoglycan was glycolyl type. The major whole cell sugars of strain OAct400
T were glucose and galactose. The major menaquinone was MK-11 (51 %) and other menaquinone components were MK-10 (24 %), MK-9 (5 %) and MK-12 (5 %). The phospholipid composition was phosphatidylglycerol and diphosphatidylglycerol (Fig. S2) . The major cellular fatty acids (.5 % of the total fatty acids) were anteiso-C 15 : 0 (59.35 %), iso-C 16 : 0 (17.89 %) and anteiso-C 17 : 0 (16.09 %) ( Table 2 ). The G+C content of the genomic DNA of strain OAct400 T (Alves et al., 2014) . The chemotaxonomic characteristics of strain OAct400 T , such as amino acid and sugar of cellwall hydrolysates, major fatty acids and phospholipids were consistent with its assignment to the genus Microbacterium.
The almost-complete 16S rRNA gene sequence (1446 bp) of strain OAct400
T was determined. The 16S rRNA gene sequences of the strains were compared against a database of cultured species via BLAST analysis and the EzTaxon-e server database (Kim et al., 2012) of type strains in order to retrieve the most similar sequences of recognized bacterial species. Strain OAct400 T showed high sequence similarities to species of the genus Microbacterium. The most closely related 16S rRNA gene sequence similarities were to Microbacterium amylolyticum N5 T (97.73 %), followed by Microbacterium gubbeenense CIP 107184 T (97.44 %), Microbacterium indicum BBH6 T (97.36 %) and Microbacterium barkeri DSM 20145 T (96.27 %) . A neighbourjoining phylogenetic tree showed that the novel isolate
Streptomyces werraensis formed a distinct cluster with M. amylolyticum N5 T and M. gubbeenense CIP 107184 T ( Fig. 1) . This cluster was also recovered with the other algorithms tested (Fig. S3A  and B) . DNA-DNA hybridizations were performed between the novel isolate and the type strains M. amylolyticum DSM 24221 T and M. gubbeenense CIP 107184 T to establish the precise taxonomic position of strain OAct400 T . The values obtained were 31.3¡2.1 % and 28.7¡1.2 %, respectively, which were clearly below the 70 % threshold generally accepted for species delineation (Wayne et al., 1987) .
T differed greatly from the other species studied in terms of some of its phylogenetic, biochemical, chemotaxonomic and physiological data (Tables 1, S1 and S2 (Table 2) . Based on the phenotypic and genotypic results obtained in this study, it is concluded that strain OAct400
T represents a novel species of the genus Microbacterium, for which the name Microbacterium nanhaiense sp. nov. is proposed.
Description of Microbacterium nanhaiense sp. nov.
Microbacterium nanhaiense (nan.hai.en9se. N.L. neut. adj. nanhaiense pertaining to the South China Sea, from where the type strain was isolated).
Cells are Gram-staining-positive, aerobic, non-spore-forming, non-flagellated, non-motile, short rods, approximately 0.43-0.79 mm wide and 0.71-1.4 mm long (Fig. S1 ). Grows well on yeast extract/malt extract agar (ISP 2) and nutrient agar. Colonies are yellow, convex, dry and opaque, with smooth and entire margins and a diameter of 1.0-1.5 mm after incubation on yeast extract/malt extract agar for 72 h at 28 uC. No aerial mycelium is found and no diffusible pigments are produced. Growth occurs at 4-37 uC (optimum 28 uC), at pH 5.0-10.0 (optimum pH 7.0) and in the presence of 0-8 % (w/v) NaCl (optimum, 2-4 %). Positive for hydrolysis of urea, aesculin, Tween 20, Tween 80 and gelatin but negative for hydrolysis of starch, milk coagulation, milk peptonization, nitrate reduction, H 2 S production, and oxidase, catalase and bgalactosidase activities. Negative in methyl red and Voges-Proskauer tests and for indole production. The type strain, OAct400
T (5CGMCC 4.7181 T 5DSM 26811 T 5KCTC 29185 T ), was isolated from a sediment sample collected at site N42-5 with a depth of 2093 m in the South China Sea, China. The DNA G+C content of the genomic DNA of the type strain is 73.8 mol%.
